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i It is shown that the Rebinder effect involving the ernbrittlement
of steel by organic liquids is in reality due to water absorption by the or-

I ganic species. The organic liquids whih normally cause early fatigue do
not produce this effect in the presence of a strong dehydration agent.I
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EMBRITTLE.4'-T OF METALS BY ORGANIC LIQUIDS

I. INTRODUCTION

This is a qu rterly report summarizing progress in onc portion

of a composite program entitled "Fracture of Metals, " identified under

Contract No. DA- 11-ORD-0Z2-3108. This report covers dhe period

September 1, 1964 to Noveznber 30, 1964,

This portion of the program on "Fracture of Metals" is directed

to explore the existe .2e and nature of cmbrittlement w, hich might be pro-

duced by concurrent exposure of metals to organic liquids and tensile

stresses. Organic liquids are defined for present purposes as pure liquid

species, miscible liquid species, and solutions of solids in liquids. Em-

brittlernent constitutes the premature incidence of cracking as experienced

under continuously increasing load, static loading, or dynamic (cyclic)

loading. "Premature" implies a lower maximum load, a shorter time, or

fewer cycles than would be expected for the material stressed in air.

A special test has been developed to provide a broad scale upon

which to measure emnbrittlement. This nvolves the use of sheet steel heat-

treated to 44 Rc (about 200, 000 psi yield strength) which has been deeply

notched from both edges. The specimen is stressed by a combination of

static and dynamic loads-- 1i2, 500 psi static plus 4370 pbi dynaumic. Thii

combination represents a condition below the endurance limit where this

steel in this specimen geometry will sustain the combined static and cyclic

loading indefinitely when surrounded only by normal air environment.

Embrittlement is induced by immersing the notched region in a

candidate liquid using various pad or cup arrangements for containment.

Under such circumstances failures -an be made to occur in as little as

500, 000 cycles. Testing is usually stopped for practical reasons if failure
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has not occurred in six to seven million cycles. If at that time the reser-

voir still contains liquid, this liquid species is adjudged to be nonembrittl-

•rig. Ts caution is necessary because many of the candidates are vol, tile

and in any given test run the sealing system may have been imperfect.

II. USE OF DEHYDRATION AGENTS

Thc results presented in the last quarterly report showed that

when no attempt was made to seal off the candidate liquid around the test

specimen from ambient air, the number of cycles to failure was quite

erratic. It became apparent that water absorption was probably an inter-

fering factor. The next question was to what extent the wetted pad, care-

fully wrapped with polyethylene and bound to the specimen with adhesive

tape, was safe against water absorption since during spring and summer

months this type of test scheme had also shown some erratic results.

The approach taken was to incorp rate in the wrapped capsule

around the notched zone of the specimen a quantity of anhydrous CaSO 4

known under the trade name of "Drierite. " This is a strong dehydrating

agent arid likely to be otherwise inert to organic liquids. Normally, the

Slaboratory grade of this material comes in 1/16-1/8 in. pieces.

Using Drierite as-received, the failure times in the presence of

ethyl, methyl, and butyl alcohol reproduced prior results very well and

the specimen-to-specimen variation decreased substantially. To improve

the etfectiveness of arnhydrous CaSO4 still further, a quantity wa5 ground

to fine powder and incorporated into test capsules. The first tests were

run using methyl alcohol, which according to previous work failed in about

600,000 cycles. In the presence of fine ground anhydrous CaSO4 failure

did not occur in 9, 000, 000 cycles. Similar results were also obtained

with ethyl and butyl alcohol.

The indication is that with very effective dehydration, the influ-

ence of organic liqu~ids may be entirely precluded and that the previous

trends involving carbon chain length primarily reflect relative absorption

capacities or absorption rates for water vapor. To substantiate this, a
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number of liquid species Jrzvio, siy identified as very effectivc were rerun

in the presence of finely grouj.d Drierite. These included:

n-propyi ether

act-tic acid

isoamny alcohol

oleic acid

dibutyl mercury

triethyl aluminum in light nzint ral oil

chlorobernzenc

10% phenol in light miint ral oil

triethyl boron in light mine ral oil

benzonitril t'

diphenyl migncsium in hl.pta ot

In all instances cycling , ontinucd b( yond 7,000,000 cycles without failur-.

It should be noted that isnamnyl alcohol atid olcic acid were the basis for the

discovery of the Rebinde r cifcct on stt.cl rcportcd by Reb:ndcr and hiS a!,so-

ciates. The conclusion s t(. n i!lis( apablh that water remainý tbe sole

agent for embrittlhment in all of the t cxp( rinicnts. F'urthermore, it

seems that very small amounts of watcr are vc.ry tff.ctivc and that larg( r

amounts are relatively 1( ss effective, according to a "ratc of increase )f

ernbrittlemcat with conc cntration" criterioro.

One anomalous bcha% ior has becn discovei cd. The use of n--amyl

rner-apidii (C 5 11 6 S) in conjunctiol. with tincly ground Dricritc gave failures

in two separate tests of 1, 400, 000 and 1,401,000 cycles. These results

will be checked with re'peatcd t-xpi rirnents.

III. DEGP.ADATION OF' MINEtIAL OILS

Since mineral oils arc conve.ntional lubric ants, one might expect

that the presence c-f water-absorbing soluble additives might act to degrade

the fatigue performance of cnginec i ng components immersed therein. The

final phase of this program will undertake a preliminary evaluation of this
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po!bi]bil ity th1&rough thc aduito U 1 6111,11na.1 dl1 ioU11tiS Of o rg~ niL I q 'iidb s Ouk-chI ~~arc c ompiCt ely m i sciblec both ii, mi nvi-al oil aimd wae.Thu bti iriVy s c u -

tions of mininural oil and 1-iddit ive mill bepr ) sI_(S6ulated wvith w;.1l er b~flt fU.,u .

ill fat igue testing.

IV. PEaýRNSONVNEL AND LOGBOOK RECORDS

The work recported is th~e re suit of co.llaboratioti Of thc writi-r

with Mr. 11. Nic ho]ls, Assotciate NI t all u rgisi Datj arecr7. c ordkud 1in IUIRI

Logbook No. 1I1245.

I Rctipc tful ly zubmimittc(d

St ieir Mthuy Advi ,o i

Tech Rev: DPiM
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